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ABSTRACT • i_i 

This booklet contains three separate papers suitably 
for use in an advanced high school or college chemistry course. The 
first paper provides background information on acids and bases. The 
second paper provides additional background information, focusing on 
certain aspects of atmospheric chemistry as it relates to the acid 
rain problem. An attempt was made to keep the material as simple as 
possible and to provide enough vocabulary to understand the arguments 
of the experts but not to overwhelm the student with the chemical 
details ol the process. The third paper, which focuses on the acid 
rain controversy, consists of a number of exercises in a 
self-instructional fo^rmat. The paper can be used either as a 
classroom activity in which " students respond to the questions or as a 
model from which teachers can develop their own material either on 
acid rain or some other topic of interest. Several suggestions are 
offered if teachers dtecide to use the exercises in a classroom 
setting. In addition, a list of discussion questions to extend 
.various exercises and questions posed in the textual material are 
included. (JN)^ 
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A NOTE TO TEACHERS 



In this short note to teachers we wish to describe our 
aims and suggest several ways this material may be used in a 
chemistry classroom. 

Our concern is that in teaching chemical facts to students 
in introductory courses certain aspects- of the use and applica- 
tion of chemical knowledge,- though relevant, are not easily 
addressed. For. instance, a topic ^stich as a,cid rain carries with 
it a h^stof complex economic and political questions which can-: 
not be addressed in limited classroom time.. We do not raise any 
of ehese questions in our material on acid rain. However, we" do 
bring up some of the fundamental questions. about applied science 
and the way it influences the^acid rain debate. First becaiase 
it is widely-acknowledged that there is no complete , unders tanding 
of the nature and ;scope of the acid-rain problem it is easy to 
disabuse the student of the belief that science, alway s has the 
"right answers". Secondly, because there is uncertainty, 
experts disagree. The fact that scientists frequen^tly generate 
conflicting Opinion on current topics of public interest is often 
hidden from students because textbooks either omit all, controver- 
sial topics or present them in' the same factual way as incontro- 
vertible subjects like the law of multiple proportions. I" P)}^ 
-opinion both alternatives subtract from an adequate understanding 
of the relationship between science and society. By omitting 
controversy, textbooks fail to demonstrate how basic scientific 
knowledge can be useful in facing cu,rrent issues and by present- 
ing truncated opinions as if they, had scientific concensus text- 
books contribute ^o the dangerously one-sided view that science, 
is monolithic, value-free and author.itat iye . ^he irony of ^ 
course, is that every textbook writer will preface "^w edi , 

tion of basic chemistry with the avowed purpose of creating an 
informed laity or improving scientific literacy. Jh^se are^npble 
aLs which, in our opinion,' canno-t be achieved -^5^°^^ . f "^^^.^ 
how and why experts disagree. Our material on ^^^J "J"^^^^ 
correct these misconceptions because they face up to the fact^ 
thit experts disagree and that experts mix/factual information 
with evaluative or interpretive conclusions. Our "^^^"^f . 
allows the student to analyze the nature ^"^^^.^^^P"^"? f ' 
sides of the acid r'ain debate. It attempts to make them more 
- entitive to the ways in which testimony of ^^^^^^^f .^^f ■ 
testimony of inference. It "brings out the "^^^"8 ^ 
form of the debate ^through a series- of questions which ^11°^ '^^^ 
stuSent to use his or her knowledge of chemistry to identify 
certain deficiencies in the debate. 



There are two! parts-one on background material and one on^ 
the acid rain contrjoversy . The background material again has two 
parts! The first part is a very simple introduction to acids and 
.bases which will be useful if one has not yet touched on 



acid-base theory. It provides appropriate background information 
in a general science class where such mat erial might not' ordina- 
rily be covered/ Certainly, 
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the student 



ed "The Acid Rain Controversy", 
onal format, all or part of which 
to hand in'. The teacher may use 
this section in two general way s ; as a classroom exercise ift 
which the students would re^jj^ond to the questions or as a model, 
from which the^ teacher could'^develop his or her own material 
either on acid rain or some^^her ' t op ic of ititerest. 

If the study. ±^ used 4^^*^he classroom, again several for- 
mats are possible After' a rev^iew of the background mat erial , 
the students coulti be g iven the^j»econd sec t ion and asked to 
respond to the questions^on their own. This could be followed by. 
the* class as a whole discus&ing various aspects of the acid rain 
controversy. The exeriise^^ in the. study are particularly worthy 
of discussion. For instaW,^, Exercise 1, which asks students to 
rate various statements fqrAheir fac^tual content, would be a 
good place to ask' quest ions^ about the student reasons'for rank- 
ing and how we' can teU the. difference between rational criticism 
and polemic statements. Another possib ility is to work through 
the case study with the ent ire class responding reserving the 
fihal exercise as an individual pro j.ect . We believe the acid 
rain segment af a chemistry course will take no moife than two 
class periods. We l^ve J^ncluded a list of discussion questions 
to extetid various exercises and questions posed in the text. 



As has been suggested, we hope our work may serve as a 
model, for* .further inquiries into value-lad-en disagreements. Pos- 
sibly, the emerging dioxin controversy will be as suitable as 
acid rain to convey the complexities of' chemical systems outside 
the laboratory. The debate shows expert disagreement and value 
conflict. ' 



Those who are interested in further reading on the educa- 
behind this approach may consult Robert Kooser 
"Does Chemistry Really Work This Way?" in the 



tional objectives 
and Lance Factor 



Journal of Chemical Education, volume 59, December 1982, page 



1010. 



Discuss ion Qu est ions 



Here are some possible questions which^ could be used with the 
section on 4cid rain. The numbers refer to the question numbers 
in the text. 
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Exerct-se 1. What were your reasons for ranking the statements 
the way you di^? How do we tell a^reasoned statement from one 
with emotional or nonsubstantive content? Could these reasons 
be useful in analyzing ot.her statements by scientists that appear 
in the press? . , 



Question 3. In arguments like EPRl's, how important is it to 
select the evidence? Does this make the argument scientific or 
nonsc lent if ic ? 

Questions 16-18. Here the whole issue of how what one is trying 
to prove can influence the nature of the arguments used and the 
facts that are selected is raised. It would be appropriate to 
ask whether- ^a- case like acid rain is in any way different fr^m a 
more scientific controversy, say like the safety of aspirin or 
the carcinogenic nature of sacchrin. 

> 

Exercise 2. What criteria did you use to decide the categories 
into which you placed the arguments? How would the EPRI "^pond 
to assertions like (2) and (6)? Are there other bits of evidence 
that environmentalists might cite? 

' ♦ . 

, As a class exercise, the teacher might divide the class 
into two parts, one representing the power companies and the 
other the environmentalists. The two sides would then be asked 
to respond from their assigned point of view to selected ques- 
tions in a debate format. In that regard, the short bibliography 
at the end, of this section might be useful for further background 
reading. , • 

Questions 21-23. The facts that are presented above these ques- 
tions could be used in a discussion about the validity of t^e 
conclusion that the cause of lake acidification in North America 
is acid rain from Indus t ria?l ' pol lut ion . , The strength of the 
argument might be compared to some of the conclusions drawn by 
the power companies. ■ ^ 

Exercise 3. This is a chance for the student draw his or her 
own position from the .limited arguments presented in the text. 
It might be expected that ■ different students will 

ent positions and this' would be an excellent opportunity to have 
a general discussion about individual student perceptions of the 
Tissue. This exercise also raises a difficult pedagogical prob- 
^m: How much must to be known about a problem before an in- 
formed decision can be made? 
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Background Information: Acids and Bases 



Water. It's everywhere. It is the stuff of life. Since. our 
ecosystem depends so much on water and its properties, we are 
going to investigate certain chemical facts about water and some 
compounds that dissolve in water. These ph^mical facts will help 
us understand some of the technical issues in the acid rain case 
study to follow. In addition, you will learn some atmospheric 
chemistry. 

■A 

Acids and Bases: ^ 

Water has an interesting property which scientists call 
autoionlzation and is expressed in simple terms by reaction (1); 

H^O ^ ^ h"^ + oh" (?.) 

In pure water, there are, of course, equal amounts of H *, 
hydrogen ion, and OH", the hydroxide ion. Such a solution is 
said to be ^ neutral solution. 

e 

Many substances, when added to water, dissolve and upset the 
balance between the hydrogen and hydroxide ions. Substances 
which create an\ exces s of hydrogen ions over hy.droxide ions, are**" 
called acids , wh^le those that crea^te an excess of hydroxide are 
called bases. Tible I lists some -common acids and bases fojind 
'in the home. Tc/ see how these substaTices can create an^excess, , 
the following i/eactions show the source of the H or OH . 

vinegar (acels^c acid) CH^'COOH ^ — y CH^COO" + h"^ ^^^^ 

lye . ► KOH ^ k"!" + oh" (2b), 

ammonia NH3 + Yi^O^±=^ NhJ + OH" (2c) 

Remember, that the reaction (1) is an equilibrium and this 
causes a cWemical constraint on the auto ionization Reaction, 
namely that product of the concentration of the hydrogen and 
hydroxide ion concentrations must be constant. 

K - [h"^] [OH"] . , (3) 



w 



*While we will be using "H " to l^present the hydrogen ion, it \i 
more correct to write it as H3O+. The bare. proton does not 
exist by itself in solution, rather itv is associated with a 
number of water molecules. 



1 ^ T ^ m"^-^ at 25"* C. This m^ans if* 
This constant has a value of 1 x lU at v.. x,i 

down so that their product is constant For instance,. th 
hydrogen ion concentration becomes 1 x 10 M, then , 

[OH-'l = 1 X 10-^^1 X 10-^ = 1 X (4) 

/ in-14 Takine the square root one has [H J - iun j ^ 
i I io-'M'(wIe" 'M' stands for the concentration unit, molarity). 

<!„l„f1ona »here hydrogen Ion predominate over hydroxide ion 
a.e riclll} .,?.e3 »111 have .ydro.^ 

rent^:tiSris\re^a?er";H. °hyd^°os:n -^^-^-^^rL^ILr JLn- 
to be basic and here the hydrogen ion ■ concentration 



1 X 10- 



The. pH Scale 

The hydrogen ion concentration is a measure of the 
a parric'jar lolutlon. f ridl"' t f ahouf 

r-ir-??„-:e:rL s \ a y .arge range^of varla-^^ 

jrss-cu^hrrs-^: :i:rdirh '-^ r i^rcaie^-^rif d^^iLd as 

scientists use what is now called the pH scale. pti 
pH = - log [h'']* 

Because of the mathe.atic P-P^-ies of^the logarithmic relation, 
the pH scale varies typ ical ly/ f rom 0 (H - IM to ab 
\l ('H+ = IxlO-l^M). Notice in pufe water 1 " ^ °„ 
14 (H-f - i^^:" ^ 7 T^us when the pH = 7, the solution is 

pH = - log (1x10 ) - 7- Thus w F ^^^^^^ ^^^^^ p^,^ 

said to be neutral . pH s ^^^^^^^^ ^^^^ correlations 

greater than 7 are ^asic. Jable II sh .^i^tionship that 

among, H+, OH and P«; .^"'^^'^^^^^^^ (^o^e acidic), the pH gets 
a<? the concentration gets larger vm^i-c r>H ' q of 

iV!/ Al.,0 listed in Table II are the approximate pH s ot 
smaller . Also iisteu x -,Knnr the ranee of pH 

some co mmon fluids to give you an idea about the range 
values found in the everyday environment. 



*The advent of the electronic calculator 'with function ^^ys for 

ntT.rs^h"i;-rL::i-rs^th:t"ti:%r^^-r:p^f"^ 

change of 1 in the log itself. 

. o 10 



Neutralization 



Apids and bases have been defined, now you will explore some 
of their properties which are important in the understanding of . 
acid rain. One of the most important and obvious properties of 
acids arid bases is their reactivity toward each other. It has 
been known for centuries that an acid plus a base yields a salt 
plus water. The process whereby an' acid and a base react 
together is called neutralization , although in many instances the 
result is no t a neutral solution in terms of pH • Some examples 
of neutralization reactiorfs are given here. 

» ■ 

NaOH + HCl ^ H2O + NaCl 

HNO^ + KOH ^ H^O + Kt^O^ 

While the salU plu^ water generalization for most acid-base 
reactions holds true, it does not always describe all ac id-base 
reactions. For instance, i^hen the base ammonia reaction with an 
acid, say IJCl for example, the result it: 

NH^ + HCl- — ^H.Cl ^ 
.3 4 ^ , 

No water is created in this reaction. 



Strong and Weak Acids and Bases 

Chemists classify acids and .bases into two categories, strong 
and weak. A strong acid or base is defined as a compound when 
dissol\>ed in water yields as many moles of H*^ or OH" as moles of 
compound originally placed in water. Another way to say the 
same thing is that this dissociation (coming apart of the com- 
pound) is complete. Some examples are: 

HCl ^ h"^ + Cl" V (6^) 

NaOH ^Na"^ + OH" ' (6b) 

You should note that the terms strong * and 'weak* refer to the 
degree of dissociation of the acid or base and not to the concen- 
tration, hence it is not a contradict ioij, to talk about a dilute 
solution of a strong acid.^ There are only a few strong acids and 
Uases. Some of the more common. ones are listed in Table III. 
Two of those, sulfuric and nitric, play a major role in the acid 
rain problem. ^ 

As a corollary to the strong case, there are a large number 
of substances that chemists classify as weak acids or ba^es. 
These are compounds that do not completely dissociate in solu- 
tion, hence there may be appreciable concentrations of the 
parent molecule present, counter to the strong case where ve.ry 
little to none remains. Two of the most common examples are 
given in equations2a and 2c, acetic acid and ammonia . Notice, 
that the two sides of the equation are connected by double arrow. 



This is to emphasize the fact that there is a dyfiamic . inter- 
change or equilibrium going on which means that any giye,n mole- 
cule will associate, disassociate and reassociate continual-O^y 
but on the average there is a constant number M associated and . 
disassociated molecules. ' S - 

Hot all- weak acids or bases dissociate to the s^me degree. . 
Table IV lists- several common weak acids and shtiws the hydrog6n S 
ion concentration for solutions of equal concentration of the 
parent acid, thus-' we see there are degrees of weakness • I" . 
addition, there are several weak acids that are capable °f gi^^^g 
up more than one hydrogen ion. An example thtft is imp.ortant in 
the chemistry of rain is carbonic acid, H2CO3* which can undergo 
the following steps: 

H2CO3 ^^^ s"^ + HCO3 ■• 
Hco;^:^ h"*" + co; ' . (7b) 

HCO'3 is known as the bicarbonate ion^and is farmiliar as the nega- 
tive ion in baking soda. NaHCOs. CO3 is called ^^^/f 
'as the sodium salt, Na2C03, sodium carbonate is used in laundry 
formulations and as 'washing soda' . 

Ammonia,. NH3. is the most common weak base (see equation 2c) . 
You kould notice that the negative ion that is derived from the 
dissoci^on of any. weak acid is itself capable of .taking on a 
hydrogen i^n to form the undissociated acid.. For ^-Jance if ^ 
you dissolve washing soda in water, it dissociates into 2Na and 
col. The carbonate ion wi]H then undergo the following reaction. 

CO3 + H20^=9. HCO3 + OH" ' (8) 

thus creating an excess of hydroxide ion over hydrogen 
making a basic solution. In other words when ^ J/^^^J,^ J^^^.^ 
sociates. it forms, on reacting, a weak base. This is ca;Lled the 
conjugate base (CO3) of the weak acid HCO3. Similarly in^the^ 
ammonia c aTTThe wLk base NH3 has the conjugate weak acid the 
ammonnium ion. mX • In equation 2c. you see ^^^X^m ohnuid 
ammonia which reacts to fo^m the ammonium ion. NH^ . Now should 
an ammonium salt like ammonium- nitrate , NH4Na3--a common fertili- 
zer—dissolve in water, then this reaction would occur: 

m\'^=^ NH3 + h"^ * (9) . 

creating an excess of hydrogen ions and an acidic ' 
'Another example might suffice here. Acetlx acid, CH3COOH. the . 



*HoCOo is somewhat of a convenient misnomer. Carbonic acid is 
fLm^d when carbon dioxide. CO2. d-issolves in water. f^^^^^' 
not all the dissolved CO2 combines wi th . a wat er mole cul e t o make 
the acid, some, remains as molecular CO2. "H2CO3" refers to both 
CO2 and that which combines with water for form H2CO3. • 

' ■ . , ' ■■■■ ■ ■ 12 ' ' . 
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major acidic component of >yinegar is a weak acid, thus a solu- 
tion of a salt of the acid^, sodium acetate (in solution it will 
give^Na^ and the acetate ion, CH3CO0"*) will be basic' because of* 
the presence of the conjugate base of acetic acid, the acetate 
ion. You should notice that the positive and negative ions 
derived from, strong acids and bases have themselves no acid or 
base properties and are called neutral. Some examples are 
Cl'(Hci), NO5 (HN03) ,fNa'^(NaOH) and Ca"^^ ( Ca ( OH) 2 

Buffer Solutions 

. ^ ■ 

Of great importance in nearly all biological systems are 
particular solutions of acids and bases thet are c al 1 ed ^ buf f er ^ 
solutions. Webster's International Dictionary defines 'buffer, 
as "any of various devices, apparatus, or pieces of material 
designed primarily to reduce shock due to contact" and in a 
chemical way, this is what a buffer solution does. It behaves 
in such*a way that additions of acid or base to the buffer solu- 
tion will result in only small changes in the pH of the solution 
from its original value. 

What does it take to make a buffer solution? There must be 
present both a weak acid and its conjugate base salt in signifi-, 
cant amounts. In laboratory situations, buffers are usually 
made by mixing a solution containing a weak acid and its negative 
ion in the form of a salt. Thus, f solution of acetic acid 
•=^'(vinegar) and sodium, acetate (NaC00CH3) would form a buffer 
solution. » 

While you will not be concerned with details of buffer solu- 
tions, it will be useful to think a little bit about how they 
work. In a buffer solution the\pH is established based on two 
factors, the 'degree of dissociat'YSJn of the weak acid (that is 
fixed by the -type of acid used) and the ratio of the concentra- 
tions of weak acid to its negative ion; 'e.g. (CH3COOH) / 
(CH-jCOO") in the case in the paragraph above. If some base is 
added to the acetate buffer, the acetic acid will react with it 
as follows: 



CH 



3COOH + NaOH— — ^CH3C00" + Na"*" + - (10) 



(Water is made by the union of the" fl from the acid and the OH 
'.'from the base): Notice that the amgunt of -acetic acid present 
will decrease and the amount of the acetate, the anion, will 
increase-^ The r%io of atid to conjugate base changes so there 
is some^pH shif'4i:,' but the effect is much less than in the 
absence of confiigate pair. Calculations show that if in the 
original concentrations of the acetic acid and the acetate ion 
are both ,1 M that in a liter of solution with 1 gram of NaOH in 
it, the pH would change from about 4.5 to 4.8._ If same amount 
of. NaOH were placed into pure water the pH would change from / 
to about 12.4. Clearly, a buffer solution has the capacity to 
"reduce the shock' from contact with acidb and bases. 



The^ability of a buffer solution to absorb the shock from 
The °^ . i not limitless. more acid or 

ITsTTs : ed th - ubsta^res ^hich create the buffering effect 
base jis aaaea, uuc auu n„4t- when the Addition of more acid 

are used up. There ""'"^^^/^"^^^f ^J^Jy b^^f er solution has 
or base can not be countered. Thus every duj. hufferine 
its limits in terms of its buffering capacity. The buffering 
JapacJty is determined mainly by thje initial — 
the weak acid and its basic salt.. \he phenomenon ^ill become 
important later when we discuss acid rain and natural waters. 

Buffers are extremely important in biological and ecological 
Situations. Most living systems requ re a-ry narrow range of 

pH values in order to ^ ^ ""^^^ ^ ^ J ' 7^" ! Should the 

blood contains buffers which fix the pH at about 7.4. bn 
pH of the blood f^all outside the range f^om 7 0 to 7 8 as g 
happen from certain kinds of diseases . death might occur . The 
same is true for aquatic life i^"^^:^"^,""'": ' ^ater in 

actions that take place in natural waters. "^"y overall buf- 
dissolved in waters and -many can ^""'^'^i^^^^^'"/^^,";""; fact 
ferine action. Limestone is sparing soluble i"^^^"^^" source 

h t^^-' ^iErEi&r -iHi^r- , 
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Compound 
Acids 

Acetic acid solution CH^COOH 
(vinegar) 



TABLE I 
Common Ac ids and Bases 
Formula 



Hydrochloric acid 
Sulfuric acid 

Citric acid 



HCl 



HOOC(OH) C(CH2C00H) ^ 



Boric acid 



Hydrogen peroxide 



Oxalic acid 



Phosphoric acid 



Potassium bitartarate 
(Cream of tartar) 

Carbonic acid 



H3BO3 



HOOCCOOH 



Uses 

Pickling , seasoning 

Cleaning masonary 

Drain cleaner , 
battery acid 

f 

Active ingredient in 
f rui t ant ibr owning 
agents, present in 
citrus fruits 

First aid, eye wash 
solutions ^ 

Hair bleach, 
ant isept ic 

Present in spinach, 
rhubarb 

iPresent in some soft 
drinks like colas 



KOO^(CHOH) 2COOH Baking powder 



H2CO3 



Fi'zzing agent in 
3of^^, drinks 



Bases 

Ammonia 



NH, 



Sodium hypochlorite NaOCl 



Potassium hydroxide KOH 

Calcium hydroxide - Ca(0H)2 
( slaked lime) 

Magnesium hydroxide Mg(0H)2 
(Milk of magnesia) 

Calcium carbonate Qa^^CO.^) 



Cleaning agent 

Active* ingredient in 
b leaches 

Drain cleaner 

Antacid 

Laxative 



Limestone 
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TABLE II 



Relationship among pH, H and OH" in Water 



Battery Acid- 



Lemon juice- 



Vinegai: 



Milk- 



Human Blood- 



Sea Water- 



Ammonia • — 



Lye 



pH 



10 
11 
-12 
13 
14 



[oh"] 



1 X 10 



-13 



.01 



001 



1 X 10 



-12 



1 X 10 



-11 



4 



1 X 10-^ 1 X 10-^° 



1 X 10"^ 1 X 10"^ 



1 X 10"^ '1 X 10'^ 



1 X .10~J 1 X 10'^ 



1 X 10"^ 1 X lO"^ 



1 X 10'^ 1 X 10'^ 



1 X 10'^° 1 X 10"* 



1 X 10 



-11 



001 



1 X 10'^^ .01 



1 X 10'^^ .1 



1 X 10'^* 1 
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TABLE III 
Strong Acids and Bases 



Acids 



Hydrochloric acid 

s 

Hydrobromic acid 
Hydroiodic acid 
Nitric acid 
Sulfuric acid 
Perchloric acid 



HCl 
HBr 
HI 
HNO, 



HCIO, 



Bases 



Sodium hydroxide 
Potassium hydroxide 
Caloium hydroxide 
Magnesium hydroxide 



NaOH 
KOH 
Ca(OH) 
Mg(OH) 
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TABLE IV 

Properties of some Weak Acids ^and Bases 



Acids 



Compound 

Acetic acid 
Boric acid ' 
Citric acid , 
Potassium bitartarate 
Oxalic acid 
Hydrogen' peroxide 




Bases 



Ammonia 

Sodium hypoQhlor ite 



pH of .IM solution 

2.87 
5.1 
2 .1 
3.7 
1-3 . 
6.3 



11.1 
10.3 
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This diagram illustrates the natural carbonate buffer system. ^ 
The mS^ buffer irVg action comes from the H2CO3/HCO3 pair. ^The 
dissolved fvLm the air while the * bicarbonate ion comes from 
dissolved limestone. > Sources of atmojspheric CO2' include combustion 
processes, animal .respiration^ and decaying organic mab^-er. • 



19 



are 
genlc 
ena 



' BackgrouKd Information 

SOME ASPECTS OF THE CHEMISTRY OF THE ATMOSPHERE 

Almost everyone knows that the air we breathe is made up of 
oxygen, nitrogen and, of course, some water. There are traces 
of other gases such as argon and carbon dioxide. Beyond these 
major and minor constituents there is a whole array of trace , 
components that are present only in minute quantities but whose 
impact on the air and on, the general environment is quite large. 
Of interest to us ,are those substances that are introduced ' into 
the atmosphere in some manner or other. These trace substances 
include gases, sol-ids, aerosols (tiny droplets of liquid) and 
material dissolved in precipitation. A partial list is given in 
Table I. Appearing there also are the sources of those compo- ^ 
nents. Scientists sometimes divide the emission into those that 
called 'natural' and those that are 'man-made' or anthropo- 
c. Air contamination from human sources is not a new phenbm- 
It began with the discovery of fire, but the magnitude of 
the contamination has increased dramatically since the Industrial 
Revolution. 

Of particular interest to us are the components that find 
their way into the soils and waters by being removed from the air 
rn some manner. Deposition occur-s principally by two methods: 
precipitation (as rain, snow, sleet or hail) and by what is 
called dry deposition. 'Dry' deposition comes about from the 
gravitational settling of partic^^s or aerosols in the air. We 
are concerned mainly with those substances that are deposited by 
either wet or dry deposition which in some way affect the acidity 
of soils and natural waters. 

In order to understand how air-borne contaminates affect the 
acidity of natural systems, we first must know something about 
what you niight call the 'natural' acidity. Water in contact with 
air will dissolve small quantities of gases in the air. Of aii 
the major and ^minor components of air, excluding 'contaminants , 
only one gas has any effect on the pH of water and that is CO2. 
In a summary way*, we can indicate the overall process in the 
following equations: 



H2CO3 + Hco^ 



lb 



* See footnote in the "Acid-Base" section, p. 4. 
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Thus precipitation is expected to be somewhat acidic'^due to 
the dissociation of the weak acid, known as carbonic acid. 
MeLuJetnents -and calculations show, that the PH^f °- .^^-5°^ 
is approximately 5.6. In the discussion of acid "i^.;5.6 xs .. 
used as a benchmark against which it is '^^J""^^;??'^. "^^^^ 
precipitation has had its pH shifted significantly ^^^^f^ 
•natural* value. You might not^ an ambiguity here in that while 
the pS of water in contact with air containing th e usual amount of 
col is ? 6 any real sample of air, even excluding substances from 
an?hropogenic'sources, has traces of acidic ^^-^^/.^/^ ^^.^f.rt ' 
ral sources. Thus the bench mark does not " " ji^/^f ^ a^ 
a value related to the pr is t ine ,s t a t e of nature, rather it^stab 
lishes a relative value against which to measure shifts in pH . 

Of all the substances given in Table I, two have received 
the most attention in the acid precipitation ^ebat?. They are 
sulfur dioxide, SO2, and the nitrogen oxides, NO^ (a symbol ^ 
standine for several oxides of nitrogen including NO, NO2 and 
r/o) is the table shows, the sources for ^^ese emissions comes^ 
fJom a variety of places. Natural SO2 emissions ^^J^^^^^ jf/""'^' 
origins, and decomposition of organic matter. Anthropogenic 
:missio;s come mainly from the combustion of fossil f^t^^f'^of 
contain a trace amouAt of sulfur in them. Also ^^e Vmelting of 
certain metallic oresVcreates SO2 emissions. NO^ natural 
sources include the oxidation of naturally occurring ammonia 
(NH.) to NO,. The ammonia sources come mainly from decomposition 
of organic matter, as well ^ the formation of NO^ from atmos- 
pheric nitrogen b; lighteniS. Man-made --"%"!^f,^:^^^^^3 
the result of combustion processes where the high temperatures ^ 
in^lved cause a ,reac t ion'b etween atmospheric -^'^^^^^ 
to form the oxide^s of nitrogen. Scientists 8^"^"?^^ ^^ree that 
the most important contributor is the internal combustion engine, 
^t' is aLo likely that some NO, emissions may come from ammonia 
fertilizers with the oxidation occurring as in '^^e case ot 
natural ammonia sources. Figure 1 summarizes emission sources 
f»r. these two important air contaminants. 

There has been an, increase in the amount of SO2 and N^x 
emissions. This change is shown in Figure 2, ^^J'^^^^ J^^f 
agreed that the cause of this increase is due to an increase in 
industrial and transportation activity. 



Sulfur and Nitrogen Cycles 

B'oth sulfur compounds ahd nitrogen ^°'^P°""'^\ '^^^^ f " 

sidered contaminants^n the Vtmosphere 'f /^"^^^ , ^3^/^i^'3,°,,e3 , 
transformations involving soWces and sinks 

sources include nZturJ 3nes as well as anthropogenic ones. 
Fieures 3 and 4 summarize^he general schemes. should be 

nofed hat in the nitrogen case, both HNO3 and are acidic 

though not all the deposition from NO wifl ^ ^ . !^^f^^/,f 3:irs 
of it will be deposited in the form of nonacidic nitrate salts . 
in Jhe sulfur instance, deposition is usually by 

sulfate some of which will be acidic. Certain Retails of these 
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cycles will not be examined. 

" The importance of SO2 and NO^ to the acid rain problem comes 
about by the chemical transformation of these substances into , 
compounds which are acidic. SO2 can react with oxygen in the air 
to form SO3. The process proceeds slowly but in the presence of 
certain trace amounts of chemicals, it can go much faster. SO3 
then dissolves in water, to form sulfuric acid, H2SO4 . 



SO 



2-2-2 



h 0, ^ SO3 



SO3 + H2S0^ 



2b 



Scientists are still not certain exactly how r.eaction 2a comes 
about in the atmosphere, and it is very possible that SO3 not 
formed by a direct reaction with O2 but rather some other sub- 
stance miy provide the extra oxygen. With the nitrogen oxides, 
conversion of the various forms to NO2 and then the subsequent 
reaction to give the strong acid. HNO3, yields the acidic com- 
ponent. The presence of these two strong acids, HNO3 and H2SO4, , 
is the focal point for the problems associated with acid rain. 
If they are present/ they will shift the pH to more acidic 
values than the benchmark value of 5.6, / ^ 

■ It should be noted that Figures 3 and 4 just indicate the 
overall transformation processes. The details of how NO^ is 
transformed into nitric acid are not indicated. There is still 
much that scientists do not know about these transformation 
processes ekcept that simple equations like Equations 2 do not 
represent the details of the chemistry, only the gross transforma- 
tions that take place. The rate at which transformations occur 
may also be a factor in determining what particular chemical , 
reactions are most important. We have already indicated that 
the direct conversion of SO2 to SO3 is too slow to be an impor 
tant contributing^ factor; however,, t^e " ^ J ^ ! • 

up by the presence of certain chemicals called catalysts . It 
should also be noted, that once the transformation of say NO^ to 
nitric acid has taken place it is very diff-icult if aot iapossi- 
lie lo determine ^the source of the origind-l NO^ and to label it 
as natural or anthropogenic . ' 

The acid components, HNO3 and H2SO4, come into contact with 
the ecosystem, as you have read, by two processes, wet or dry 
deposition. in dr^ deposition, the acids are -"^f J",^^ °" 

aerosol particles which settle to the surface. Wet deposition 
where the Lids are dissolved in water and come down as P'^-^iPi- 
tation is by far the better studied and better known process and 
Ts he'sourci from which most of the concern about^acid rain has . 
come.. Measurements of hydrogen ion concentration or pH ^ave been 
^afe on precipitation Sweden and Norway for -ny J^rs. Data 
from the United States and Canada are not as complete and, as we 
Itll see later, is under some criticism as to its accuracy and 
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meanlne Figure 5 presents some findings with respect to the 
Tcidity of precipitation in the United States and Canada. As can 
-^^'nited from the -d iagr ams . much of the regions have average^ 
precipitation values below the benchmark nuWer, of 5.6 pH unxts. 

It has long been known that SO2 emissio4 can cause severe 
locai efrects not only^from the formation of -Ifuric -id but 
also from the corrosive nature of SO2 x t sel f . Th is lo|ji et t ec t 
his been documented in London when coal was used for heating as 
wefl as in the near vicinity of ore smel^i^s such as the plant at 
SuiiurJ Ontario. Such effects as s t un t ed. v.e ge t at i^n , no .vegeta- 
tion! I^kes without aquatic life as well as ^1-^-^^^°" 
ary, limestone structures', and paint have ^een noted Of more 
recent discovery is the concept' of long, range transportation of 
Tirc^n^iminant . "ere there appears to be sufficien^ 

fugge^rt rt °acid ^ain'thaf ?iils'or Scandanavia comes from 

p^'i sions in the industrial regions of --^^-^^^^.f "^^has ' 
are carried by prevailing winds to Norway and Sweden. 1^ has 
been sugges.ted that the same type o£ effect is happening in the 
united Itates. The industrial regions of Ohio Indiana and 
Illinois may be the source, of SO2 and NO^ which are then trans 
ported ta the Northeast and into Canada. 

The fate of HNO3 and, H2SO4 when they are J.-P°^^J^^J^t%ofl^ 
• . r,.«-rralntv Precipitation whi-ch soaks into the sou. 

lakes in the Adirondacks have a low buffering capacity comp 

lorkine the acids in the snow. In the spting, the meici g 
locking tne '^^^^^ fa^^lv short period of , time dumping the 

•r:rcururat-„^irLld°int^ t.e la.es. ^Thjs/frly large 

"aLunt „£ acid cause, the j^l.^j;'^ C ^av ^eerobser^^rin 

rather large change in the . Fish Kills ncive 
Norway from this effect. 

effect of, dry 'deposition is «uch -te dlfflcul^ 
since not much is known about the process. aciu 

mc 2.1. 



in dry deposition often adhere to very small dust particles and 
their acidic activity may be modified by the composition of the 
dust particle. The process of attaching to the surface may*also 
modify the activity of the Substance. The nature of the surface 
upon which dry deposition takes place will also have a role in 
determining the impact the acidic compounds on the environmeti t . 
Clearly there is much complex chemistry 'taking place here. The 
measurement of dry deposition is also more difficult than deter- 
mining the acidity of a sample of water. One method for measur- 
ing dry deposition relies on an open bucket in which- the deposi- 
tion, is ^collected with the bucket being covered when precipita- 
tion occ'urs .to avoid contamination of the solids and aerosols 
by the precipitation. The collected sample can then be analyzed 

in various wkys. 

\t. • ■ . 

Much o£ the cause for concern with the acid rain has been th 
observed effect that there has been a marked change* in the pat- 
terns of aquatic life in many lakes in Notway, Sweden, the ^ 
Adirondacks', and parts of Canada. Many lakes which had fish in 
them' years ago now have none. There has been document ation that 
the 'pH values of these lakes has gone down over a period of time 
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Some Compounds 

Compound 
Carbon Compounds 
Carbon dioxide 

Carbon monoxide 

Methane 

Sulfur Compounds 
Sulfur dioxide 

Sulfur trioxide 

Hydrogen sulfide 

Sulfate ion 

Nitrogen Compounds 
Nitrous oxide. 
Nitric oxide 

Nitrogen dioxide 

Ammonia 
Ammonium ion 
Nitrate ion 



TABLE t 

Found at Trace Levels*^ in the Atmosphere' ' 

Sour ce s 



CO^ Animal and plant repiration, 

combustion , biological decay 

CO Combustion, atmospheric reactions 

from methane 

CH^ Decompo si t ion in marshy areas, 

natural gas, deposits ^ 



SO2 Fossil fuel combustion, smelting, 

refining, volcanoes 

SO^ Volcanoes, combustion, conversion 

of SO2 and H^S 

H2S Biological decay, volcanoes, 

industrial sources 

conversion of SO^ and 

\ 



N^O Bacterial action 

NO High temperature comb us tion 

(m^inly internal combustion 
engines) , lightening, other 
natural sources 



NO 2 Comb us t ion proces ses , light ening , 

conversion of NO 

NH^ Biological decay, fertilizers 

NH^ Conversion from NH^ 

NOl Conversion frojn N0<, ^ 



SO, Sea spray, 

t ^ so. 
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SOURCES OF NOx 



SOURCES OF SO, 



Figure 1. U.S. sources of precursors for nitrogen oxides and sulfur ^oxides On 
an annual basis from anthropogenic sources. 
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Figure 3. The. Sulfur Cycle 
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Figure 4. 
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-4. : ■ ■ . 

The nitrogen cycle. Emissions from various natural and anthropogenic 
sources result in the conversion of various nitrogen oxides and ammonia 
to nitrici acid, nitrate ion and ammonium ion. These species are returned 
to the surface either by precipitation or by dry deposition. 

31 



Acidity appears to be spreading southward and westward 




rain. 



The Acid R^JLn Controversy 

^ - 

"Our knowledge of acid rain resembles 
Swiss cheese - there are a lot of holes, 
but somje substance." (anonymous) 

Here are some examples of what experts have said about acid 



A. 48,000 lakes in North America are doomed to^ 

destruction. 

8 billion est.imated lost from the Atnerican economy. 

thousands of individuals are physically affected - 

some fatally. - ' ^ 
all because of ACID RAIN.**- (Atlantic Salmon 

Foundation) • , * 

B. "...there is "overwhelming" circumstantial evidence 

supporting claims that power platit emissions ar^ a 
major factor in forming acid rain. —There is little 
^probability that some factoif other than emissions of 
sulfur and nitrogen oxides is responsible for acid 
rain. "2 

C. Some of the impressions of increas ingly acid rain may 
well have arisen from comparisons of data obtained by 
different methods, with the tendencies to^ detect 
differences due to the method of analysis rather than 
the rain itself. 

It is premature to »tate that rainfall is not 
increasing in acidity anywhere. But not one of_ the 
reports of increasing acidity has stood u£ under 
scientific challenge . 3 



'Without question, acid rain is the most ^serious and 
deadly environmental problem that man has ever faced. 
Acid rain knows no boundaries and its effects are 
catastrophic . 

'There is no evidence that acid precipitation is either 
a major problem or a threat to public health nor is 
there any scientific consensus pointing to a broad 
crisis associated with precipitation acidity. ^ 
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F Acid precipitation is a non-issue that has been blown 
out of proper proportion, by antigrowth environmental 
extremists.^ 

The tone of these statements is quite different. .Suppose 
we had a scale from 1-10 with 10 representing the most extreme 
view (offering the least evidence) and 1 representing somethiyg 
approaching rational criticism. . Where would you place each of 
the quotes? Put letters over numbers. 



Exercise 1 
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In making your evaluations you relied on your background 
knowledge and your innate sense of reasonableness. ^^^^"^^ 
you trlld to look for reasoned criticism wlvich stands behind 
those overt disagreements. 

There is a world of difference between disagreement and 
reasoned criticism. When one person asserts an °Pi"^°"/"'^_, . ^ 
another denies it, he or she states an opposing position. Ttiis 
is disagreement. Such conflicts are common, and they do occur in 
science Is well as everywhere else. Reasoned criticism, however, 
is a process of evaluating, the evidence which supports a posi- 
tidn. Science has developed mariy procedures for P"<i"ci"g ' 
dence, and, of course this is helpful. "'^^""^'^^J^' 
evidence may be inconclusive and Require interpretation. 
sonedcriticism and rational deliberation, therefore, frequently 

, • requires experts and educated laymen to discuss the strengths 

^ and weaknesses of various kinds of evidence. 

Here we encounter a very important feature of policy debate 
wKich occurs in virtually every environmental issue but is seldom 
publicly stated or openly admitted. One cannot evaluate the 
scieiti?ic information, t^e evidence,, or the ^J^f ^^.^"^e 

ducimg or presupposing some preferences or values. J°%^^^^Pi^; 
the A?lantL Salmon Foundation directly represents the fisherman 
of Canada's coastal provinces. They will naturally look for 
^vid^nce which supports their beliefs that acid rain is caused 
by power plants in the United States and that acid . 
destroying the salmon spawning grounds. By ' 
Electric Institute represents utility companies in the, United 
Itates. and it will try to interpret the evidence to support the 
befief'that "there is no evidence pointing ^"/^^/"f^,^^^ ^,,,3 
rouote F above). Both sides can agree on certain facts, others 
i?e in dispute and they disagree over' the inferences or 
nretations placed upon those facts. If one wants to understand 
rcomplicl ted issue! like the acid rain fba.e, one must identify 
. the interpretations which are intertwined with the factrs. Some 
times there is a clear distinction between facts and values (or 
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interpretations) but many times there is no sharp distinction. 
This exercise asks you to use your knowledge of basic chemistry 
to identify where Aand how facts are interpreted or evaluated. A 
person does not haVe to be an expert in facts in order to become 
aware o^the ways in which those facts are used or twisted. 




Jne way to evaluate evidence is to begin with facts about 
whi^ both sides agree. Some of this agreement ca,n be explicit, 
but it can also be shown tacitly, by silence or by partial 
acknowledgement that an allegation appears credible. 

These are some uncontrover ted facts: 

1. Some coal-burning power plants emit large amounts of 
sulfur dioxide and nitrogen oxides. 

2. Sulfur dioxide and nitrogen oxides react, with oxygen 
and moisture to form sulfuric and nitric acids. 

3. Rain Is sometimes more acidic than genei^'ally expected 
or accounted for. Available data show that precipita- 
tion measured in certain parts of the.\Jnited States 
particularly the eastern part of the ^untry, has a pH 
below 5.6. " 

4. Available data show that 264 Adirondack lakes are no 
Vonger abte to support fish because of high acidity. 
256 more lakes are approaching the same fate. In sum,— 
in certain lakes the acidification process has begun 
and appears to be increasing. \ 

These facts say nothing about causes. Did' you notice that 
(1) and (2) talk about power plant emissions while (3) and ^4; 
talk about the condition of rain and lakes? Somet imes . the way 
facts are arranged or organized can make you think there is 
causal connection between them. Did reading (1) and (2) first 
make you think they were the causes of acid rain? Scientists 
working for the utilities maintain that there is merely a cor-, 
relation or coincidence between emissions and increased acid 
nrecipitation. They believe no one has established a d\irect 
causal connection; consequently, there may be contributing causes 
other than emissions which produce acid rain. The fundamental 
scientific question is do we know enough to say that increased 
emissions cause acid-rain, or must we restrain our judgments to 
merely ''indicating a correlation between emissions and pollution 

Environmentalists build t^ieir case for acid precipitation 
on three broad assertions: [ 

That it results in large part from "man-made emissions 

of oxides of sulfur and nitrogen; 

That these emissions are transformed in the atmosphere 

to sulfuric and nitric acids, and can be transported 
great distances; and 

\ 
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That these acids are then deposited where they harm 

vegetation, soils, surface water, and mater ials . 

The charges cover three qategories, emissions, transforma- 
tion in atmosphere, and deposition. The Electric Power Research 
Institute (EPRI), defender of the utilities position, has ^ 
responded to each charge by pointing to counter evidence. 

Let's review EPRl's case- 



1. What is the pH scale? 



pH Values of 
Familiar Materials 



u.u ■ 



What does it measure? 



The benchmark of "natural rain" is 5.6. 
Acid precipitation in the range of 4.2-5.( 
has been recorded in much of the Eastern 
United States and Canada. EPRI likes to 
compare these values to familiar objects. 
(See chart). Do you think this is mis- 
leading? Why or Why not? Is it helpful 
to think*. of acid rain as having the same 
pH as a banana? 



9.0 i- 



^ —7.4 Hunan t*wJ 

■ 3 

N«itT»l7.0« — 7.0 Purewiter 

3—6.5 Mil 

**** fi.OI-'i-lP*" 

5.6—3 . ^ 

' M bpnach 

5.0 5lO Camxi 

^ — 4.6 Bnntt 

3 

— 4.2 Tonoioei 

4.01 

a — 18 Pe« 

a 



10 AppiM. Mom 

\ loitdnnki 
3 — 2.2 Vnpuir 
2.Ut— 2.0 Lemon iu«e 



Although pure water isgiven a pH value of 
7.0, everyone recognizes that naturally 
occurring rain will not have this value. 
Why? 



a 



An EPRI spokesman maintains that the "natural acidity" of 
rain watei: is itself an iss't^e. 



The pH of a pure water droplet in equilibrium wlth^the • 
average carbon dioxide concentration of the atmosphere 
is 5 65 This value is said to be the "neutral point . 
of precipitation. Any precipitation with pH above 
that value is alkaline and any below is acidic. W^ile 
this may or may not be a valid reference point, it Should 
not bHonsidered the "background" or "-^-f " ^^^^^^/.^ 
of precipitation. Even without anthropogenic influences, 
there are natural sources of sulfur oxides, "itrogen 
oxides, and other species important to determining the 
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precipitation acidity at any given time. Hence, trying 
to quantify man ^ s perturbation of the natural condition 
^11 never be possible , since the " natural " or " back- 
ground " cond it ion cannot be known. 7 

Do you agree with the conclusion (underlined)? Why or Why 
not? 



EPRI offers other evidence for rejecting the notion that 
clean" rain should be designated pH 5.6. 

In the forest areas of Brazil at the headlands of^the 
Amazon River, an area remote from civilization, the 
monthly average of 100 rain events in the 1960s ranged 
from pH 4.3 to pH 5.2, with the median value of pH 4.6 
^ and one reading as low as pH 3.6. 

Therainfall from two hurricanes in September , 19 7 9 
sampled at six stations from Virginia to upstate New 
York, averaged pH 4.5, with one reading as low as pH 3.6. 
Much of the weather came directly from the Atlantic Ocean 
and was quite unlikely to have been affected by emissions 
from any industrial activity. 

On the island. of Hawaii, remote from all industrial i 
activity, the weighted average of precipitation over a 
4-year period was pH 5.3, with a minimum value of pH 3.8. 

The Global Precipitat;5;ion Network recent ly reported the ' 
following range of readings: 

Indian Ocean pH 3.98 - 5.26 

Alaska pH 4.54 5 .50 - 

Australia ' pH 4.0 - 5,.0 
Bermuda pH 3 . 5 - 6.0 

Rainfall in remote regions of the world is clearly 
often below pH 5.6. While there are exceptional readings 
below pH 4 and above pH 5, the average values tend to 
fall in the range of pH 4.5 - 5.5. Thus, it is ques- 
tionable whether pH 5.6 is realistic for defining '.'clean 
rain" or even whether any single value should ever be. 
designated as a reference point. ^ 

r 

6. How would you respond ^.to this issue? Why are reference 
points' or benchmarks, like a 5.6 pH for rain, needed in 
' science? " .■ . ' ' * 



Is it possible to measure relative changes in the acidity 
of rlin without knowing the "natural" condition? Explain 
how this might be done. 



What aire some of the things, i.e.. 'Vcontr ibut ing species" 
which may increase the acidity of rain? Begin by listing 
the emissions of power plants. 



Could lightning be a contributing species 
what happens in a lightning stotm. 



? Why? Explain 



. in what way does raising the issue of ^"^"^ is'us'ing^ 

contributing species support-> the argument the EPRI is using. 
Is it a valid issue? Is it testable? 



Power companies argue that emissions are not the whole story. 
For example : 

In order to define the relatiye importance of each^ 
source to the problem this emission information must be 
.tied into the other factors that have been discussed 
^-above. What must be considered, then is how such things , 
as transport mechanism, transformation processes, and 
incorporation mechanisms modify the Importance of the 
relationship suggested by the emiss^o^ps data.^ 

LI Can you put this claim in your own words or use one of your 
own examples? Do you think it is a significant comment - 
why? , • . 

For example, the emissions data may suggest that light- 
nine iHhe major source of gaseous NO^ in the atmosphere 
. . anS'he^ce, imply it„s importance to P^^^^^^^^f °" ^ uc^"' 
■ However, NOo solubility theory would suggest ^h^t such 
NO as NOo? would not be very important. It ^Uld need 
to^U someJ^w converted, relatively quickly citric 
acid or particulate nltr.ate to become important. .^ ^^^^^ . 
conversion: is nbt conside^^^ likely because , of the ^ 



relatively short lifetime of clouds. But, as noted 
♦earlier, NO2 retention in precipitation b ecomes great est 
during successive freezings and thawings, a process 
which is typical in clouds a,s soc iated with lightning . 10-'" 

^ r 

12. Why do the power companies want to emphasize chemical proc- 
esses other than mere emissions data?' Is it reasonable to 
^ do so? 



13. Given your list of possible contributing species, explain 

by words or equations what sort of transformations might take 
place in the atmosphere. 



14. Why does/ the question of transformation enormously increase 
f the complexity of det ermining>/.the causes of acid rain? 



Emphasising the complexity of the issue is a way of under- 
mining the assertion that we know the causes of acid rain. John 
Jansen, an EPRl scientist. Illustrates this strategy. 

' - ^/ 

In the case of the problem of the acidification of lakes 
/there is increasing evid^ence that: (1) at the very 
least, the cause and effect relationship is not as sim- 
plistic as much of the- recent literature implies, and 
(.2> a number pf other ac t ivit4^es..and processes, both 
natural and manmade, could Gontr^ijute to or even be the 
maior cause of lake acidification." 

^ A number of activities may be causing the in 
Scandinavia and the northeastern United States to"' acidify . 
Some are man-made and o ther are natur a . Some of these 
actlvrties aira: 

(1) dry deposition of atiaps]^Jher ic pollution, and 
' ^ ( 2) natural lake acidif icatipii, proces ses . 

When someone say->s., "The coincidence of A with B is too sim- 
plistic," they often want us to infer that the true cause is ^ 
more complicated, and hence not "too simplistic". This is. 
another way . of laying we know correlations. J^ut^not causation 
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15. 



From what you know about dry deposition and the buffering 
process explain why further study of (2) and (3) above will 
be more "complicated" and more difficult to understand than 
wet deposition? 



Now read carefully 
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Jansen says "about dry de|o8ition. 



While it is a very important step to. begin to measure 
a dry deposition dnd to consider it on equal te^ms with, 
deposition, there is. a major drawback in the NADP. The,., 
measurement of dry deposition -is by an ^^Zl^^^^^ll^l.^ 
bucket, which is covered when", it rains. This technique 
is commonly viewed as worthless. It has no. relationship 
to reality since dry depositioti depends strongly on the 
characteristics of the surface.upon which it occurs. At 
~ this time, there are no good, routine monitoring tech- - 

niques for dry deposition available. It is an 
. which needs intensive research and is just now beginning 

to get it.. However . it must be- .cautioned that even 
, though little is known in this. area, -it should not be 
. n^I^ected when considering ^h. ef f ects,, of total^a-nd/^ 

wet deposition. -Kven pros s estimates: of its tnagnltude 
■ are useful and always should he a part ;of . any research 
on the effects of atmospheric deposition on ecosystems. 

can you list some reasons why many scient.ist-s would consider 
the "open plastic bucket method" completely Worthless? , 

If this method is worthless, why would the author welcome 
It tnxs „ "noeful"' (Hint: remember that 

"even gross estimates as userui . vniuu. . 
^.Ja^sen is arguing for a more complicated cause which 
' Caeludes dry depo si^ijpn . ) • _ 



18. DO you thinklit is |ea8onable to accept "^"^^^^^^^ ^^^J^" 

eveVif it will help p-^ove your point? Is it misleading to 
do dt? 



One pf 



slVH^^tloi^^^^ coujd cause acid rain. 



: - v--^ been po^iita;^r to aftr*lbut.e:j^^ lake . 

''/^■-■-S,. acidif icitibh ta^he purpdr4:ecl :Lnc,i€^^^ , 
■ V acidity because'^^th are dxx^i^psed 't^y'h occurred over 

.\ ' the same time period. HoweySx; in order to understand 

;* why a problem exdsts and, hencx^^v^^d ef fee t.ive ^ cor- 

rective action, one must exp 1 b r e a 1 1; p o s s ib 1^ situations 
j: \ which could cause that problem -and, det the .relative 

contribution to the problem ■ flro.m each . 1 J ] 

19. Concerit'rate on the underlined sentence. Do you think it is. 

reasonable to look into, "all p^ssiblte situations which could 
* 'cause thfe problem" before seeking tp find, ways to solve it? . 



Clearly the power companies want further investigation. They 
dq.''noC"*^wkM[t to be regulated or required to reduce eniissions if it 
'li remptely possible that emissions do not contribute substan- 
tially Vo acid rain formation. In a sense there is no "right 
answer" here. If your interpretation is.guide'd by a belief In 
investigating a'l'l possible contributing cause^i you will not act. 
for pollution control until more is known. Good research 
science is frequently motivated by a desire to know everything 
ab<Jut a particttlaT. event. Total knowledge is an ideal or 
supreme value. tt says Se.ek knowledge for knowledge ' s • sake , be 
cautious, avoid error ajid do not act on insufficient evidence. ^ 
3ut there is anotKef .8om.e'times" conflicting value or ideal.- /It 

■ s'ays seek truth ^ ' sfeek answer s to crucialT-pr oblems , use know;ledge 

■ "to better the human condition. This mode of thinking often leads 
to the -conclusion that action must be taken- based on incomplete 
knowledge of/the problem at hand, particularly if a solution to 

a problem la economically or environmentally necessary. Good 
applied. science operates on those values., Utilities espouse the 
former; ehvir-onmentalists espouse the lat,ti?r. Both' are goo^d 
attitude's!; both are needed tri' science.- .Unf pt^tunately , they,;do 
not leaf in the same direction. " . 

To see how they diverge, read this summary of facts which 
; • was prepared 'by two leading environmentalists in 1981'; ^ 

■ Exercise 2^. ^ ^ s^^v 

"• •circle those points which weaken industry's case, star (.*) thosd" 
. •^.which you believe industry has responded to, p.heck (✓) those not 
in. 4i-spUte. v 



Atmo spheric "'Ctiemistry, Tranapotty: ;&n_d bepositioh . 

1. 'Acid prec:ipitation (rain, ^now . . haily dew , f og^ 

is occurring in large region^ of the eastern, U and 
Canada. Europe. Japan, and in certain Urban and rural 
areas in the ^western USA. "''''^■^y'] 

2 This widespread occurrence of acid deposition results 
lainly from man-made emissions of sulfur and nitrogen 

, oxides, which are transformed in the 

■ sulfuric and nitric acids and transported over great 
distances . ; 

3 Acid precipitation is only one special feature of the 
general phenomenon of atmospheric deposition which 
includes three major mechanisms that transfer sub- ■ 
stances from the atmosphere into -° f ^^^^^ = ^^^1^5^ 
tion and adsorption of gases; impaction and gr aVita-^ 
tional settling of fine aerosols and coarse particles, 
and precipitation, including .both dissolved sub-- 

• stances and particles -that are removed from the . d 
attiaosphere . 

4. The acidity, (or alkalinity) of precipitation is 
measured in pH units. Carbon dioxide combines with 
water in the air to form a dilute solution o^ carbonic 
■Icid with a pH of about 5.7. For this J ' f '^J^^^ 

precipitation is arbitr^lly defined as p,reGlpltatipn 
with a pH ^^f less than 5.7. 

5. Tall stacks at power plants ^f ^l^^^^^lo^^TuT^ 
ground level concentrations of SO2 and ^0^. but ^ 
Increase the geographical area of acid deposition. 
Removal of alkaline particulate matter from stack 
emisIion7also^..;f^^^^ the acidity of atmospheric 
pollutants. ^ J- ^ y 

ft Analyses o^^lr -mats' movements ' and ct^emical transfor--- 
^^^^iT^-a^s^^ere indicate that acid Precipi- 
tation in one state or region comes from emissions 
from other states or regions. ., , . 

7 Maior anthropogenic sources of acid rain precursors 
include combustion of fossil fuels < "P-^^^^J . 
and oil), certain industrial processes (especially 
smelting of ores), internal combustion engines 
exhausts, and nitrog;en fertilizer. . 

Changes in the acidity of precipitation are reflec- 
tions of changes in the balance between the major 
cations and anions in precipitation.. 

in a chemical mass balance ' /^/^.^^ !?^ei;ita 

distinguish the biological effects of ^^^^'^ J^^^^^f 
tion" (wet deposition) from t-he biological effects or 
dry deposition. 

10 ■ , ;= 
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'v . , ' ^ _ ' ' ' . . . ■■■■ . 

lb. Some substances, such as ammonium sulfate th 

selves are not acidic, can cause the acidl'^f id of 
soils when taken up by plant s 6r .modl;f i^d' b^^ soil 
, microorganisms. Thus, the concept: of' "acidifying 

precipitation" must be added to the concept of "acid 
precipitation." 

11. The potentially, injurious 9ubstances in dry and wet 
deposition include! not only acidic substances, but 
also certain toxic gases, and organic substances 
'V (notably pesticides) as well as various other 

V' . . inorganic substances or^heavy metals. 1^ 

20;' Do you think (2) above represents a statement of fact or an 
int erpret at ion/ conclusion ? Explain. 



Statements 2 . and 6. appear to claim that the source of acid' 
rain can be clear ly attributed to 'man-made' pauses and that acid 
rain in one locale can be the result of combustion activity at 
-'T- some distance away. Let^s look at the nature of the evidence 

to suppdTt these claims. First the facts that seem relevant will . 
be St at fed I 

A. Studies iii the Greenla'ixd ice cap have shown that the pH 

of the water from about 180 years ago was .6 to 7.6. This cor- • 
relates to an increase in the sulfate ion concentration in the 
ice cap froiil 1300 to the present. 

B. The presence of sulfate, lead and other chemicals in the 
remote regions like the Greenland ice cap indicate that long 
range transport of industrial pollutants is possible. 

C. ^Monitoring of precipitat ion pH in Eupope since the 1950's r 
has shown'a decrease in the pH of precipitation in that region 

since the beginning of the, monitoring program. ^ 

D. The regions of highly acid precipitation in northern 
Eur6.p> has spread out from the highly industrialized areas of 
Great Britain and central northern Europe to now include the 
Scandinavia'n countries as well as all of northwestern Europe. 

E. The decrease in pH of precipitation correlates with an 
increase of sulfates and nitrates in the precipitation in Europe. 
Over the same period of time there has been an increase in amount 
of emissions of nitric and sulfur oxides. 

F. Regions of highest acid rain and snow fall are those 
regions with the highest emissions of sulfur and nitric oxides. 

G. The prevalent air flow pattern in northern Europe is from 
the southwest to the northeast, taking air from the highly 
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industrialized areas of the United Kingdom and central Europe to 
the Scandinavian countries. 



H. A large number of lakes in No^rway and Sweden are now 
acidic and lack any fish populations. This change has been 
observed in the past -30 years. 

I. In. the U.S. and Canada there have been a number of lakes 
that have turned acidic and now no longer support fish popula- 
tions. 

J. . There is some evidence (although it is not nearly as com- 
plete as in the European case) to suggest that there might have 
been a decrease in the, pH of precipitation in northeastern U.S. 
and adjacent regions in Canada. 

K. There has been an increase in the emissions of suifur and 
nitrogen oxides in' the tf.S. and Canada. 

L. The predominent air flow pattern over the eastern half of 
the North American continent is from the industrialized regions 
of the upper Midwest to the northeast . 

21 These facts can then "be seen to lend support to the claims 
. ' in statements 2. and 6. While ^th_g^ evidence in the case of 

acid rain in Scandinavia seems fairly conclusive, there are : 
many problems in the North American case. Is it fair to - 
argue from the Scandinavian case to say that the same thing 
is happening in North America? What evidence, is missing in . 
the North American case to allow- the equivalence to be more 
concrete? " » 



22 Is the environmentalist's position one drawn from rational 
consideration or is it mainly an emotional conclusion? 



23. How might the power companies respond to the argument pre- 
sented above? 



What follows is a statement by Eville Gorham, a leading . 
researcher in the acid rain problem for many .years and a 
cerned environmentalist. It represents a summary of the position 
i-n opposition to that of the power companies. , 
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A Call for Action 



Tres"^a^clre"irs"''si^^ 

controls on acidity, toxins such as lead ifhd mercury, 
suspected carcinogens such as benzpyrene, Ary deposition 
that is diff4.cult to measure, and the balaiice between * 
local fallQut and long-distance transport . \ Much as 
scientists have investigated how much a given amount of 
phosphate from detergents or fertilizers damages lakes, 
they have to de^termine^ the damage a given amount of acid 
deposition causes — and how faist lakes recover after it 
ceases . Harm to f or est growth, which could become 
extremely serious , must be s tudieid over one or t\/o gen- 
erations o£ trees, lasting several decades each. We have 
to learn more about how acid precipitation brings about 
change .over time, as suggested by the Scandinavian ^udies. 
We have to look at whole watersheds including their 
chemical cycles, and the life cycles of their plants and 
animals. There are no quick answers to environmental 
questions. 
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In the meantime, the wetj^t of all the .evidence indicates 
that acid deposition is a serious and widespread environ- 
mental problem, '^caused largely by sulfur and nitrogen- 
oxide pollution. Nearly all of the scientists actively 
studying the, problem agree. The Canadian government 
regards acid rain as C*ciada*s most crit*ical environmental 

^.problem. .. And President Jimmy Carter *s environmental mes- 
'sage of ^19 7^ called acid -drain "one of the two most serious 
global environmental- problems associated with fo^ssil-fuel 
combustion." / (The other is the "gr^nhouse effect" that 

C^ill'Apccuy'.inVthe next 50 to 100 yeai>8 a^ accumulating 
carbon .dioxide; also from fossil-fuel combustion, traps 
lieat in-the atmosphere and warms the climate.) t believe 
--as dp :ihe govef^ of Canada, Norway, Sweden, and 

West Germany, >as welT as^the governors of six American 
states, the prj&mier^ of f iv^'. Canadian provinces, the 
Sdnate Committee olti jthe Environment, ai\d the U.S. -Canada 
International Joint Commission — that the evidence of 
damage from acid rain justifies a major attempt to reduce 

i t ■■ ■ ■ . ■ ■ ■ -i: . 

Industry of ten*^ argues that ve' should wait until the evi- 
dence is much stronger, but there ia ample precedent for 
actiori on enviroamental. problems even when the chain of 
causationvis unclear . For exam^jXe, in 1952, when I was 
living in London,' the <5reat Smog killed between 2,500 and 
4,000 people in a week ^ three ' or more times the normal ^ 
death rate., No on^ contests that statement, yet the chain 
of causation still ha& not been completely worked out — it 
was certainly far from clear at the time pf the incident. 
Nevertheless, the a.uthairlties, act iiig ^ largely upcn circum- 
stantial evidence, made great progress in cleaning up the 
London air. I doubt that anyone : suggest s they were wAng 



to take this very expensive action, or that the regulations 
they issued ought to be rescinded. 



--G^eTrTi^^^iT^^id-Tr^d^^^ initiate far-reaching 

and expensive social and economic programs based on evl- 
dence not nearly as convincing as in th| case of acid 
rain, wheVe there is already major ec«^gical and corror- 
sive damage. 'Environmental program^ should not require 
evidence far greater than is demanded ot other initia- 
tives, nor should the burden of proof be on the opponents ^ 
of pollution. If we wait unti^ the last scintilla of ^ 
evidence has been gathered and the entire chain of causa- 
tion is proved, a fragile part of life on our planet will 
have been damaged," Even if appropriate legislation were 
enacted today, it would probably take from five to ten 
years to affect emissions signif icantly . ia 

A slightly different way of saying the same thing^comes in a 
quote fiom a report by the Subcommittee on Acid Rain from the 
fisheries and Forestry Committee of the Canadian government . 

f 

There is' clearly aji urgent need to generate more scien- 
tific evidence on all aspects of the acid rain P^°blem 
including emission sources, atmospheric transport of pol 
lutants, atmospheric chemical reactions and spepific^ 
environ;ental effects. There is, however, \P."^i|^^"^^ 
Taller that this legitimate need could be subverted into 
a substitute for the difficult decisions that ultimately 
wilf have to be taken. A substantial body of^xespecte^ 



tiave to DC ud^cLii " ^^^^ — K — . _ — - — -- — T-r--. 

scientific o.p lnion already supports that '^^^^^ }";^°" f 
.K^ K^o r .v;.ilable ted fcnologies. shpuld . be Implemented as 



quickly as possible^ 



ontrol emissions at source 
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How would these spokesmen respond to th^ claim that we ' inves- 
figate all possible situations which could cause acid rain 
before taking action? 



today? 



26. HOW does this argument differ from that of EPRX spokesman 
as given on page 7 or on page 9? 
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Exercise 3 



In this exercise we have not answered the question of who is 
right about "acid rain". There are many Tacts which we have not 
investigated at all, however, you have learned something about 
how scientists argue when they want to influence public policy. 
Assume that you must make a brief report to your congressman 
telling him about your study. The congressman will, in a few 
days, be listening to testimony from both sides of the debate. 
In your report tell him what he should expect from both sides, 
tell him what kinds of misleading statements he might find, and 
conclude by summarizing your position on the acid rain issue. 



ERIC 
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